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aSchool of Sport and Exercise Sciences, St John’s Campus, Worcester University, Worcester, UK; bDepartment of Occupational Therapy, School
of Health Professions, University of Alabama at Birmingham, Birmingham, AL, USA; cDepartment of Health Care Organization and Policy,
University of Alabama at Birmingham, Birmingham, AL, USA; dDepartment of Physical Therapy, University of Alabama at Birmingham,
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ABSTRACT
Purpose: Health care providers have highlighted the need for tools and resources that support promo-
tion of exercise behavior within comprehensive multiple sclerosis (MS) care. This study involved a final
quality improvement evaluation of exercise promotion models and materials for inclusion within
this setting.
Methods and materials: Our research team distributed a paper-based survey containing Likert scales,
open answer questions, and copies of the models for editing. We distributed this survey among health
care providers across the United States. We conducted a novel mixed-methods analysis evaluating quanti-
tative, qualitative, and creative data.
Results: We received completed surveys from 13 health care providers who strongly rated the clarity and
applicability of the models and materials, and reported that no major improvements were necessary. The
minor improvements were specific per comprehensive MS care center. The feedback indicated that the
“Exercise in Medicine” models and materials are guides such that the processes should be integrated into
real world practice by amending roles and responsibilities with the team members and structure per
comprehensive MS care center.
Conclusion: This paper presents finalized models and materials for exercise promotion within compre-
hensive MS care that are ready to be tested for feasibility and efficacy in a clinical trial.
 IMPLICATIONS FOR REHABILITATION
 Health care providers require support to promote exercise within the context of comprehensive
MS care.
 The practice models in this article provide guides regarding how to promote exercise in this context.
 Implementing these exercise promotion guides can reduce the burden of neurologists, and ensure
patients receive exercise support from appropriate providers.
 These guides should be implemented within the context of each individual care center, and not as
an explicit step by step guide as each care center is unique.
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Exercise is one of the best strategies for safely managing multiple
sclerosis (MS) symptoms, relapses, and disability progression [1,2].
Nevertheless, fewer than 20% of persons with MS engage in suffi-
cient amounts of exercise for experiencing health benefits [3].
This may be remediated by addressing the gap between evi-
dence-based benefits and translation of these benefits into behav-
ior change [1] through the patient-provider interaction in
comprehensive MS care. Qualitative data from both MS patients
and health care providers indicate that meaningful exercise
behavior change can occur in this relationship [4,5]. The recog-
nized potential of the patient-provider interaction has become
the focus of a pivotal line of research creating a systematic pro-
cess for exercise behavior change in comprehensive MS care.
Further, there is a need to extend exercise support beyond care
centers and into the community. Indeed, a key issue identified
regarding the long-term adoption of exercise behavior is the gap
between direct health care services and community-based exer-
cise support and programs [6,7]. Cooperation between health care
providers and exercise specialists can be one of the most import-
ant stages for a patient’s successful transition from rehabilitation
to community practice, but is often neglected [8]. In this paper,
we present a systematic process for exercise behavior change in
MS that includes an interdisciplinary intervention within compre-
hensive care including neurologists, nurse practitioners, physical
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therapists (PTs), and occupational therapists (OTs), and community
support through exercise specialists. This process is called
“Exercise in Medicine.”
The foundation for creating the “Exercise in Medicine” process
was based on the respective needs and wants of persons with MS
and health care providers for exercise promotion. Persons with
MS desired (a) information and knowledge of the benefits of exer-
cise and exercise promotion, (b) materials for home and commu-
nity exercise, and (c) tools from health care providers for initiating
and maintaining exercise behavior [4]. Health care providers
desired (a) opportunities for exercise promotion, (b) education on
effective exercise for persons with MS, and (c) tools and strategies
that would facilitate exercise behavior change [5]. These qualita-
tive data were the building blocks for the creation of a concep-
tual model that encompassed the needs and wants of both
entities [9]. This model was then put through a rigorous vetting
process that involved evaluation by persons with MS [10] and
health care providers [11] resulting in a final conceptual model,
the “Exercise Promotion for Multiple Sclerosis Conceptual Model”
(Figure 1). The conceptual model involves three hierarchically
organized, interactive layers that represent (a) the necessary train-
ing of health care providers in exercise promotion; (b) the inter-
active, dynamic consultation between the patient and the
provider regarding exercise promotion; and (c) ongoing support
of patients by health care providers for initiation and maintenance
of exercise behavior change. These three layers support the ultim-
ate goal of increasing exercise engagement among persons
with MS.
The conceptual model was deemed a useful and meaningful
tool for exercise promotion, yet health care providers suggested
the importance of developing tools that translate this model into
practice [11]. Such practical tools were developed through a qual-
ity improvement (QI) approach using a Plan-Do-Study-Act (PDSA)
design. QI approaches are an essential first step for developing,
refining, and implementing materials for clinical practice in health
care settings [12]. The PDSA design facilitates rapid generation of
knowledge and support by testing materials prior to implementa-
tion [13], and can occur through a ramp involving multiple cycles
of QI assessment [14]. PDSAs rely on a small number of specific
persons relative to the context of the implementation setting to
collect just enough data to select one of three outcomes; adopt,
adapt, or abandon the change idea [15].
The first PDSA study [6] involved 20 health care providers (5
neurologists, 5 nurse practitioners, 5 PTs, and 5 OTs) who com-
pleted an online survey containing Likert and short answer ques-
tions regarding 3 different practice models for implementing the
“Exercise in Medicine” process – the 3 practice models were
dependent on each patient’s safety and readiness for exercise and
the degree of health care provider intervention required before
the patient could safely engage in independent exercise. Results
from this first PDSA study indicated that health care providers val-
ued the screening tool and models as necessary and useful
resources for promoting exercise within comprehensive MS care.
There were recommendations for improvements including (a) dir-
ect referral to PT/OT rather than a nurse for exercise promotion
as appropriate; (b) contextualizing the models within the “Exercise
Promotion Conceptual Model in Multiple Sclerosis”; (c) providing
information on training and resources for neurologists, nurse prac-
titioners, PTs, and OTs; and (d) providing information on commu-
nity support. We incorporated these improvements and created
refined screening tools and models that were then “ramped up”
for the second PDSA cycle.
This second PDSA cycle [16] involved an online survey
involving Likert and short answer questions distributed among
comprehensive MS care centers throughout the United States
(US) via e-mail from the National Multiple Sclerosis Society
(NMSS). We received 13 completed surveys from health care pro-
viders. This was a lower response than anticipated, but the data
Figure 1. Exercise promotion conceptual model for multiple sclerosis.
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informed further refinement and improvement of the exercise
promotion materials. The changes included (a) the addition of
checklists per practice model, (b) changing the role of referral
from the neurologist to the nurse, and (c) including questions
regarding current exercise behavior into a quick screening tool.
Such changes resulted in refined practice models that were eval-
uated in this study (Supplemental materials).
Accordingly, the current study involved a 3rd PDSA examin-
ation of practice models and materials for exercise promotion
through the patient-provider interaction in comprehensive MS
care. We expected minimal substantive feedback regarding prob-
lems with the models and materials, and therefore expected a
decision of “adopt” the change idea [15].
Materials and methods
We adopted a PDSA quality improvement design for evaluating
and improving models and materials for exercise promotion in
comprehensive MS care. The PDSA method followed valid guide-
lines [13] and we received approval for this study from the
University of Alabama at Birmingham.
Design and sampling – “plan”
This was the 3rd PDSA cycle conducted focusing on improving
models and materials. After the 2nd round PDSA, we redesigned
the materials incorporating improvements recommended by par-
ticipants, amended the survey by including checklists, and trans-
posed the survey from online to paper-based. The survey
incorporated a novel, mixed-methods design whereby participants
were asked to complete quantitative, qualitative, and creative
methods in that participants could literally write on the models
being evaluated and edit, amend, and delete content as necessary
(the survey is included in Supplementary materials). We then con-
ducted a search through the NMSS website and navigators portal
and created a list of all comprehensive care centers in the US that
had at minimum a neurologist and nurse, but preferably with a
PT and/or OT. All comprehensive MS care Centers of Excellence
across the US that had a neurologist and nurse practitioner on
staff were included in this sampling frame (n¼ 150).
Data collection – “do”
We sent the surveys through the US postal service including a
prepaid, addressed envelope with which surveys could be
returned. We sent surveys in batches of approximately 50 to com-
prehensive care centers to better manage the data. Surveys were
sent at the beginning of January, February, and March with a
closing date of 10 April 2020. Two weeks after surveys were sent,
we sent a reminder letter. We offered the chance to be placed in
a drawing for 1 of 4 $250 visa gift cards for the MS team as an
incentive and thank you for participating. Consent was self-selec-
tion as prospective participants had the choice of completing and
returning the survey or not participating. We included only fully
completed surveys in data analysis. Upon receipt of completed
surveys, we input quantitative data into SPSS, qualitative data
into a word document, and models that had been edited first-
hand into a separate folder. All identifying information were sepa-
rated and stored in a double locked space.
Data analysis – “study”
The response rate was low with only 11 care centers represented
(a 7.3% response rate) and 13 complete surveys. The majority of
respondents in the 3rd cycle of PDSA were different from the 1st
and 2nd cycles. This lends greater input and support regarding
the continued revision and improvement of the “Exercise in
Medicine” models and materials, and that health care providers
may perceive this process being effective within the context of
their unique comprehensive care center. Data were analyzed
using analytical eclecticism, which complemented the novel,
mixed methods design of the survey. Analytical eclecticism is an
approach that allows researchers to address different elements of
scholarship from different research traditions [17]. To apply analyt-
ical eclecticism to this mixed methods data set, we analyzed
quantitative data with SPSS descriptive statistics, and qualitative
and creative data through qualitative content analysis. Following
Hsieh and Shannon’s [18] guide to content analysis, we adopted a
summative content approach. In this approach researchers note
the number of occurrences a word or phrase is used, and then
explore this within a wider, more meaningful context. In this case
of this research, after counting occurrences of, for example,
“referral to community support” as a strength, we then contex-
tualized this within the wider “Exercise in Medicine” process and
in the context of exercise promotion in comprehensive MS care.
The “Act” part of PDSA will be presented in the Results section
wherein we apply improvements recommended based upon
the data.
Results
Of 13 completed surveys, one participant was a neurologist, 3
were nurse practitioners, 5 were PTs, and 4 were OTs. Health care
providers were representative of 12 states from across the US.
Ten participants were female and 3 were male. Age ranged
between 33 and 65 years with a mean age of 53 years. Years of
experience ranged between 2 and 42 years with a mean years of
experience of 19 years. All participants answered mixed-methods
questions regarding strengths, weaknesses, and improvements of
the quick screen model, “Exercise in Medicine” models, and
“Exercise in Medicine” checklists. SPSS descriptive data highlighted
overall perceptions, and the qualitative content supported and
expanded reasons for quantitative scores, thereby providing a
more in-depth and contextualized evaluation. Of note, there were
no significant differences between care centers or disciplines
regarding suggestions or reports of strengths and weaknesses.
Quick screen model
The quick screen model represents a decision tree that assists
healthcare providers to assess the readiness, safety, and required
intervention of patients with MS before prescribing exercise. The
vertical column represents questions that will inform healthcare
providers regarding assignment of patients into “Exercise in
Medicine” Model 1 (minimal interventions), “Exercise in Medicine”
Model 2 (moderate intervention), or “Exercise in Medicine” Model
3 (significant intervention).
Participants were asked to rate the clarity, relatability and
appropriateness of each scenario, as well as their confidence ini-
tiating each, on a scale of 1¼ not at all, to 5¼ very. Participants
highly rated the clarity of the quick screen process with a mean
score of 4.1 (range 1–5; SD ¼ 1.2), and further highly scored the
relatability of the quick screen process with a mean score 4.0
(range 1–5; SD ¼ 0.8). Appropriateness scores were in the middle
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range with a mean score of 3.2 (range 1–5; SD ¼ 1.6), and confi-
dence of nurses carrying out the screen was the lowest score of
2.9 (range 1–5; SD ¼ 1.4).
Reasons for these scores were reflected in the qualitative data
regarding strengths, weaknesses, and improvements of the quick
screen model. Regarding strengths, 5 participants stated the quick
screen model was easy to follow: “(1) Easy to follow (2) short tim-
ing for evaluation (3) not confusing” (OT, 11 years experience); 4
highlighted the clarity of the process, “Clear, easy to follow, effect-
ively captures almost all patients” (PT, 5 years experience); 4 stated
the idea of screening patients for exercise was a key strength,
“The overall concept of screening patients for exercise intervention”
(PT, 18 years experience); 2 discussed the consideration of insur-
ance as a positive aspect, “Agree path is largely dependent on
insurance coverage options for PT and ability to exercise on their
own” (nurse, 22 years experience); and 2 identified the acknow-
ledgement of different requirements of therapy:
This offers an easy to integrate screen to identify people who might be
appropriate to refer to therapy! 2) catching this as early as possible and
asking everyone with MS who has a medical appointment will help cast
a wider net. (OT, 19 years experience)
Other strengths that were mentioned only once by healthcare
providers were: screening helped the physician, “Getting MS nurse
involved will help physician and appointment” (neurologist, 42 years
experience); patient safety was considered, “Patient safety was
considered as part of decision” (nurse, 22 years experience); and it
was brief, “Can be done quickly and efficiently before appointment”
(nurse, 10 years experience).
On the other hand, participants highlighted a main weakness of
the quick screen model being centered around the nurse. Five stated
the nurse determining the length of therapy was not appropriate:
I think this is a great idea; however nurse don’t understand the clinical
reasoning that goes into establishing the length of a plan of care
(etiology of impairments, barriers and facilitators to compliance,
translation to phone/community, prognosis for recovery etc.) This
would be difficult for a non-therapist to determine which track a
person should go down. This is something even nurse would have a
challenge doing. (OT, 19 years experience)
Three highlighted the nurse doing the screen in general was a
weakness, “Here our nurses have little face to face contact with
patients 2) “RN time is largely on phone” (nurse, 22 years experi-
ence); 3 stated no perceived weaknesses, 2 participants expressed
a belief that readiness to exercise questions were missed, “Misses
readiness questions” (PT, 2 years experience); 2 questioned the lack
of focus on barriers to therapy, “Didn’t factor in transportation or
other barriers to therapy” (nurse, 10 years experience); 2 stated
there was a missed opportunity to describe benefits of exercise:
As indicated on the diagram, I think there is still an opportunity to
mention exercise and it’s benefits. Many people won’t see their neuro
for 6–12 months, so check-in at the next visit seems like a missed
opportunity to at least mention exercise benefits. (nurse, 10
years experience)
And 2 stated the arbitrary 18 PT/OT visits was a main issue
How does nursing determine if need >18 visits? Why did you pick 18
visits? If 18 is cut off you are missing majority of patients needing(s)
and getting great benefits from PT visits. (PT, 13 years experience)
Weaknesses that were mentioned once were we did not
include speech therapy in the core team:
LEAVES OUT SPEECH!!! I know this is focusing on activity, but cognitive
challenges can be the biggest limiting factor to success and are a VERY
important part of rehab to following through with consistent exercise.
(OT, 19 years experience)
Further, the screen would take too long to complete, “Hard to
in our MDC clinic (multi D) or provider visit (although those visits
are already not long enough! Adding another screen may be hard in
regular FU” (nurse, 22 years experience); why insurance would
influence access to therapy:
Why should health insurance have anything to do with whether a
patient has access to exercise/rehab (out patient therapy)? The patient
and therapist can decide what is appropriate/necessary care for their
condition, work around patient resources, locate funding etc. (OT, 3
years experience)
And there were no specifics for wheelchair users, “Not specific
on including patients mobility such as wheelchair bound, how
would they do exercise?” (PT, 18 years experience). Such qualitative
data supports why relatability and appropriateness scores were
scored lower than others.
The key improvements participants identified involved: add-
itional questions included to the screen (5 participants):
(1) What do you feel are the benefits of exercise (2) When was your last
PT? (3) Was it helpful (4) What did it help, what not? (5) Would you be
willing to do? (6) What would be your goals? (7) What are your barriers,
insurance, $, transportations, family support, time of work etc. (PT, 7
years experience)
Three participants suggested changing the responsibility of
screen to the PT, “Include a PT as the HCP. Each MS center should
have a PT on staff dedicated to this” (PT 14 years experience). Four
participants stated no improvements were required, “No changes”
(OT, 11 years experience) and 1 participant suggested identifying
mobility level:
Patients should be identified by mobility level prior to the tree (1)
wheelchair/transfer mobility level (no walking) (2) household distance
ambulator (50 feet or less) (3) community distance ambulator
(prolonged distances). (PT, 18 years experience)
“Exercise in medicine” model 1
Model 1 depicts a course of exercise promotion for patients with
MS who require minimal healthcare provider intervention. With
this scenario, the nurse takes the lead by conducting the quick
screen process, placing the recommendation for the Model 1 pro-
cess into notes for the neurologist, then providing patients with
the exercise toolkit (to be provided by the Exercise Neuroscience
Research Lab (ENRL)). The exercise toolkit includes tangible mate-
rials such as exercise equipment, DVDs, instructions and account-
ability documents such as diaries. Part of this toolkit also involves
a one to one coaching and support intervention with individual-
ized programs delivered by exercise specialists to provide commu-
nity support. The objective is to support persons with MS in long
term exercise behaviour change by meeting the exercise guide-
lines for MS and reap the physical, social and psychological bene-
fits this entails [19]. Referral to community support via the ENRL is
made through the nurse. The ENRL then take on responsibility for
providing community exercise support and delivering the behav-
ior change intervention. Participants highly rated the clarity of
“Exercise in Medicine” Model 1 with a score of 4.1 (range 2–5; SD
¼ 0.8). Relatability and appropriateness were scored in the middle
range with scores of 3.6 (range 1–5; SD ¼ 1.1) and 3.7 (range 1–5;
SD ¼ 1.4), respectively. Confidence of respective roles was highly
scored with a mean score of 4.1 (range 2 5; SD ¼ 1.0).
Qualitatively, participants highlighted 6 strengths of “Exercise
in Medicine” Model 1: (1) the provision of tele-support and resour-
ces as follow-up after the patient’s clinical appointment (5 partici-
pants), “Offers follow-up, telesupport and resources! Love it!” (OT,
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19 years experience); (2) the idea to implement exercise behavior
change (3 participants), “This is a great idea, specifically exercise
behavior change” (PT, 18 years experience); (3) the model is easy
to follow (2 participants), and easy to apply (2 participants), 1)
Easy to follow 2) Easy to apply” (OT, 11 years experience); (4) the
model is consistent with center practice (1 participant), “Exercise
plan is consistent with what we try to do for promotion” (PT,
14 years experience); and (5) the model is a great way to get peo-
ple who may not require PT/OT involved in exercise (1 partici-
pant), “Great way to get people who may not need PT/OT at the
moment but might help them engage in exercise” (OT,
19 years experience).
There were, however, weaknesses. These weaknesses were very
specific within comprehensive care centers. Four participants
stated no weaknesses in the model and only one participant each
mentioned (1) what is the ENRL?, (2) what is in the toolkit? (3)
why just the ENRL as follow-up, (4) no education for PT/OT, (5) no
time to implement, and 6) the bottom half of the model with the
pyramids distracts:
What is the ENRL - need to have definition for those that are not
familiar, maybe put in () next to the full or add to the bottom with.
(OT, 21 years experience)
Don’t know what it’s in the toolkit. (nurse – 9 years experience)
The model does not allow for other potential resources, besides ENRL
(unless that is specifically contained in the toolkit). There may be local
resources which would be helpful for exercise promotion. Also, other
web resources may be helpful in getting someone to indicate an
exercise program. (nurse, 10 years experience)
There is no education about PT/OT in the clinic. (PT, 18
years experience)
Not enough time in visits already and would be hard to incorporate
more screening. (nurse, 22 years experience)
Bottom 1/2 pyramid don’t add to this model; they distract the reader.
The print is tiny. (PT, 13 years experience)
To improve the model, again participants stated specific
requirements for respective comprehensive care centers. Four par-
ticipants stated no improvements were necessary; but 1 partici-
pant each stated the necessity of including a phone support
system for patients with cognitive deficits, a timeline for when
community support interventions would start, removal of the con-
ceptual model from the bottom of the model, and changing the
role of the nurse and the PT:
Very concerned that patients cannot access website or remember how
due to cognitive decline. Provide a telephone support system to assist
with community support. (OT, 11 years experience)
Include timeline between when patient is told they get ENRL support
to when contact is made. (nurse, 22 years experience)
Take out pyramids. (PT, 13 years experience)
No concerns about the model itself neurologists and RNs GENERALLY
SPEAKING, are not the best resources for advice on exercise. PTs should
be the main driver. The toolkit and ENRL support must be of high
quality. (PT, 5 years experience)
“Exercise in medicine” model 2
Model 2 depicts a course of exercise promotion for patients that
require moderate health care provider intervention before engag-
ing in community-based exercise. With Model 2, a patient
expresses an interest in exercise and has insurance for health care
provider intervention, but has mild physical/cognitive/sensory def-
icits that require short-term health care provider intervention.
Once again the nurse initiates the quick screen, determines if the
patient requires intervention through Model 2, and inserts this
process into neurologist notes. Neurologists encourage exercise as
a therapeutic intervention and refer to PT/OT. The nurse manages
this referral. The role of PT/OT is to assess physical deficits and
work with the patient toward safe engagement in exercise. PTs/
OTs provide the exercise promotion toolkit when the patient is
ready to be discharged. Referral to community support via the
ENRL is made through the PT once the patient is cleared to exer-
cise safely. The ENRL then take on responsibility for providing
exercise support and delivering the behavior change intervention.
Overall, descriptive scores for “Exercise in Medicine” Model 2
were high. The clarity of “Exercise in Medicine” Model 2 was
scored as 4.1 (range 2–5; SD ¼ 0.9). Relatability was scored as a
mean of 3.9 (range 1–5; SD ¼ 1.1), and appropriateness of roles
scored as 3.8 (range 1–5; SD ¼ 1.2). Confidence in implementing
the model through respective roles was also scored highly with a
mean of 4.3 (range 3–5; SD ¼ 0.9).
Highlighted strengths of this particular model were similar to
model 1. Three participants stated the tele-support and resources
were a key positive of the model:
Outlines an appropriate way to follow up after discharge! Love it! 2) I
like that they get the toolkit before therapy starts. This will get this
started sooner rather than later (sometimes there is a wait to get into
OT/PT). (OT, 19 years experience)
Two participants highlighted the model was easy to follow, 1
participant stated that the difference between Model 1 and
Model 2 was appropriate, “Difference between/transition from
model 1 and model 2 and appropriate and intuitive” (PT, 5 years
experience); 1 participant stated Model 2 sets the stage for suc-
cessful PT, “Helps set stage for successful PT treatment plan” (PT,
7 years experience); and 1 participant stated Model 2 would be
easy to apply, “Easy to apply in practice” (nurse,
9 years experience).
Four participants stated no weaknesses were identified, 3
stated the nurse’s role was not appropriate, “Nurse would not be
the one to do this” (nurse, 10 years experience); and, similar to
Model 1, 1 participant stated again not knowing the content of
the toolkit or the involvement of the ENRL.
To address these weakness, 4 participants stated no improve-
ments were required, 3 stated the PT should be the driving health
care provider for the “Exercise in Medicine” process, “The physical
therapists should be the ones to determine length of plan of care”
(OT, 19 years experience) and 1 person each stated removing the
conceptual model pyramid and providing telephone support
would improve Model 2; “Take out pyramids” (PT, 13 years experi-
ence), “Phone system for another layer of communication” (OT,
11 years experience).
“Exercise in medicine” model 3
Model 3 depicts the course of exercise promotion for patients
who require significant health care intervention before engaging
in exercise independently. With Model 3, a patient expresses an
interest in exercise and has insurance for health care provider
intervention, but has moderate physical/cognitive/sensory deficits
that requires longer, intensive health care provider intervention.
Health care roles and responsibilities in Model 3 are the same as
Model 2, but health care providers expect that patient deficits will
be more severe and require a longer intervention plan. Again,
referral to community support via ENRL is made through the PT
once the patient is cleared to exercise safely. The ENRL then take
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on responsibility for providing exercise support and delivering the
behavior change intervention.
Scores for “Exercise in Medicine” Model 3 were similar to
“Exercise in Medicine” Model 2 with all 4 elements scored highly.
Clarity was scored as 4.2 (range 2–5; SD ¼ 0. 9), relatability scored
as 3.8 (range 1–5; SD ¼ 1.4), appropriateness scored as 3.9 (range
1–5; SD ¼ 1.3), and confidence implementing model scored as 4.2
(range 2–5; SD ¼ 1.1).
Strengths, weakness, and improvements of “Exercise in Model
3” were very similar to Model 2. Strengths included the tele-sup-
port and resources provided to patients (5 participants), “In fear
of sounding repetitive, the community telesupport and exercise tool-
kits are strongest contributions of models” (OT, 19 years experi-
ence); the model was easy to follow (3 participants), the model
was easy to apply (2 participants), and the model may help facili-
tate behavior change (1 participant); “This approach may help
facilitate long term behavior change” (PT, 5 years experience).
Weaknesses stated were similar to previous results with the
majority of participants stating they perceived no weaknesses (4
participants), and other weaknesses highlighted by 1 participant.
For model 3, these weaknesses were: (1) Don’t know what ENRL
is; (2) Don’t know what’s in toolkit; (3) Don’t know clear difference
between 2 and 3; “No clear difference between model 2 and 3; Is
there a time frame/sessions difference?” (PT, 18 years experience);
(4) Who checks inappropriate/unsafe exercise is not given?
“Depending on how a patient gets triaged into this model, care
should be taken that an inappropriate or unsafe exercise is given”
(OT, 19 years); and (5) Not appropriate for nurse to do role, “Nurse
should not decide length of therapy” (PT, 13 years).
Reflecting these weaknesses, improvements revolved around
not changing the model (4 participants), and improvements that
would work in each participant’s care center including: (1) More
freedom for PT to recommend plan, “You never know what patient
will need till you assess them. Give PT more freedom to determine
length and structure of therapy and create therapy plan” (PT,
13 years); (2) Add education resources for PT/OT, (3) Add timeline
to contact ENRL, “Add timeline when will be contacted by ENRL to
model” (PT, 18 years experience); (4) Have information to give to
patients after visit, “Potentially having different information to give
patients depending on level of function, safety etc., at the end of
the visit.” (PT, 18 years experience); and (5) Take out pyramids.
“Exercise in medicine” checklists
The “Exercise in Medicine” Checklists outline the key “to-dos” that
are required by each health care provider to ensure the success
of each model process. The checklists are included in each mod-
el’s “clinic” and “referral” sections and contain “checkboxes.”
Participants highly scored the clarity of the “Exercise in Medicine”
Model 1 checklist with a score of 4.5 (range 3–5; SD ¼ 0.7).
Relatability of the checklist in practice was scored as 3.8 (range
1–5; SD ¼ 1.2) and appropriateness scored as 3.6 (range 1–5; SD
¼ 1.4). Confidence implementing the model through respective
roles was scored as 3.9 (range 1–5; SD ¼ 1.4).
Qualitative data provided by participants stated: the “Exercise
in Medicine” Checklist 1 had clear roles (3 participants), “Clear
roles defined” (PT, 13 years experience); was easy to follow (2 par-
ticipants) and easy to apply (1 participant), “Easy to follow. Easy to
apply” (OT, 11 years experience); and provides more time for neu-
rologists during the patient’s appointment (1 participant),
“Allocation of neurologist time spent with patient more efficient due
to RN assisting with pre and post appointment” (PT, 18 years
experience). Regarding weaknesses, 5 participants stated there
were no weaknesses, 2 stated nurses were not in every clinic, 2
indicated that nurses did not have time to do this:
I think the challenge (which wasn’t mentioned earlier, but appropriate
to the different models) are some of the pre-appointment nursing
responsibilities. In some settings, it may not be an area where nursing
has time to implement along with other duties. (nurse, 10
years experience)
One noted that the scenarios were not clear, “What are scen-
arios? This is not clear enough” (PT, 18 years experience), and 1
argued that the wording was “too loose,” “words like encourage
are to loose, vague – a tangible replacement is necessary” (PT,
5 years experience).
Five participants stated no improvements were necessary, 1
observed that the addition of PT/OT education was necessary, 1
reported that there was a need to integrate a flexible way of
screening; “Consider different ways to implement screening, maybe
part of paperwork while in the waiting room” (nurse, 10 years
experience); and 1 stated that the PT should do the screen, “PT to
do screen” (PT, 13 years experience).
The “Exercise in Medicine” Model 2 Checklist was very highly
scored overall. Clarity of the model was scored at 4.6 (range 3–5;
SD ¼ 0.7), relatability scored as 3.9 (range 1–5; SD ¼ 1.1), appro-
priateness scored as 4.3 (range 3–5; SD ¼ 0.9), and confidence
scored as 4.6 (range 3–5; SD ¼ 0.7). “Exercise in Medicine” Model
3 Checklist was scored highly. Clarity of the model was scored as
4.4 (range 3–5; SD ¼ 0.8), relatability scored as 3.8 (range 1–5; SD
¼ 1.2), appropriateness scored as 4.4 (range 3–5; SD ¼ 0.9), and
confidence scored as 4.5 (range 3–5; SD ¼ 0.8).
Strengths, weaknesses, and improvements of Model 2 and 3
checklists were identical. To surmise, strengths noted were that
the checklists were (1) easy to follow (2 participants), (2) easy to
apply (2 participants), (3) provided clear roles (2 participants), (4)
provided clear instructions (2 participants), (5) aligned to the trad-
itional approach in the participant’s center (1 participant), (6)
closed communication gap between clinic and community (1 par-
ticipant), and (7) triaged people to appropriate therapy (1 partici-
pant). Five participants stated no weaknesses in the checklists,
while 2 participants stated they did not have a nurse at their cen-
ters, and 1 person each stated that there may be delays in refer-
rals, nurses didn’t have time, scenarios were not clear, there was a
lack of designation to follow up with neurologist, and there was
no time frame to get the ENRL involved:
Lack of timelines/timeframes indicated specifically how long is support
from ENRL - what qualifies a patient for support from ENRL - what is
indicator they don’t need it anymore? can they be cut off on services.
(PT, 18 years experience)
Reflecting these weaknesses, 5 participants stated no improve-
ments were required, 3 stated PTs needed to be more involved, 1
person suggested that tele-support is needed, 1 proposed that a
continuation loop is needed to feedback to the neurologists, “Add
continuum of care loop to indicate post-therapy to follow up with
neurologist” (PT, 18 years experience) and 1 stated speech therapy
should be included.
“Act”
PDSA is a methodology that involves a ramp of multiple cycles of
QI assessment [14] using small numbers of specific persons rela-
tive to a context in order to collect just enough data to select
whether adopt, adapt, or abandon the change idea [15]. Across
the PDSA ramp, health care providers have reported increasingly
higher scores regarding clarity, relatability, appropriateness, and
confidence in assigned roles within each model scenario. Within
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this particular iteration, scores regarding clarity were particularly
high across all materials. This is further supported by qualitative
testimony where comments regarding material clarity and ease of
following the process were the most numerous strengths men-
tioned. Confidence implementing the models was highly scored,
and highlighted that healthcare providers were perhaps comfort-
able taking on assigned roles and responsibilities within the
“Exercise in Medicine” process. When merging the high scores
and the supplementary qualitative data, we can conclude that the
models and materials are easy to follow and in-line with the
responsibilities of health care providers regarding exercise promo-
tion. One further strength noted was the support provided in the
community after the clinic appointment. This may be based on
the gap between clinic-based exercise such as in-patient rehabili-
tation, or a referral for PT, and the continuation of exercise behav-
ior based on this recommendation.
The majority of participants did not identify substantial weak-
nesses in the models and checklists, and suggested that no
improvements were necessary. We decided, therefore, that we
could adopt the models and materials as presented. We did
acknowledge, however, that there were some weaknesses identi-
fied, but in evaluating within a larger context these were specific
within the care team or structure of each unique care center.
Therefore, the uniqueness of comprehensive care centers was an
important consideration. The common improvement suggested
by participants was transitioning the role of screening away from
the nurse as it was not appropriate for the nurse to determine
the length of therapy, but this proposition contradicted the
improvement explicitly stated in the 2nd cycle of PDSA whereby
participants stated the nurse should undertake this task. This
added further support of emphasizing the “Exercise in Medicine”
as a guide of process rather than an explicit instruction that must
be performed by the assigned disciplines.
Collectively, we have adopted these checklists and models for
implementation, but we will produce an instruction manual that
makes clear the “Exercise in Medicine” process is a guide and that
roles and responsibilities can be amended as required per con-
text. We will further state the screening process involves a min-
imum of questions, and comprehensive care centers can craft
additional questions as necessary. This supports the adaptability
of the “Exercise in Medicine” process when applied within com-
prehensive MS care centers.
Discussion
Healthcare providers, particularly neurologists, require tools and
support for promotion of exercise among patients with MS [4].
Over the past 5 years, we have created an exercise promotion sys-
tem that can be integrated within MS care. This system was
developed through empirical data [4,5] resulting in development
and refinement of a conceptual model [10,11] and the translation
of concept into practical models and materials through quality
improvement methodology [16,20]. We believe the 3rd cycle of
PDSA methodology has yielded final materials and models
required for applying the “Exercise is Medicine” process within
practice. As such, we have chosen to adopt the materials, but
amend the description for improving implementation within com-
prehensive MS care. We have edited the description underlying
the purpose of the “Exercise in Medicine” process highlighting
that the roles and responsibilities can be amended between
health care professions in such a way that best fit each unique
comprehensive care center structure.
The conclusion of the materials development process to imple-
ment “Exercise in Medicine” is a significant step forward regarding
the aim of integrating exercise promotion into comprehensive MS
care by serving persons with MS and reducing the burden on
neurologists. The final iteration of the “Exercise in Medicine” mod-
els and checklists meets the needs of both persons with MS and
health care providers, as outlined in previous research [11]. We
anticipate that the final manual and process highlighting that
each care center can amend roles and responsibilities will result
in more efficient and timely exercise interventions for persons
with MS. This may increase the number of persons with MS who
meet the exercise guidelines for MS and improvement of health
related quality of life, particularly as the “Exercise in Medicine”
process incorporates health care provider and exercise specialists,
and a long term community based exercise plan. Literature has
highlighted a key pitfall in long term exercise behaviour among
persons with neurologic conditions is a gap between outpatient
rehabilitation release and community-based exercise support [7].
The “Exercise in Medicine” process addresses this gap with direct
referral to MS exercise and wellness specialists at the ENRL. This
group provides community exercise support through provision of
an exercise toolkit containing equipment, instructions and
accountability documents, one to one coaching and support, and
individualized programs to ensure persons with MS meet the
exercise guidelines for MS [19]. This process is a transformative
approach linking medicine, rehabilitation, therapy and community
based exercise [8] that is a necessary addition to MS care.
We designed the “Exercise in Medicine” process within the
context of comprehensive MS care, but we acknowledge that
such an approach may be adapted for use in other chronic health
conditions. We note that we have independently developed the
“Exercise in Medicine” process through initial qualitative empirical
data, building this into a conceptual model then transferring the
conceptual idea into a more applicable format, but that this pro-
cess is akin to the conceptual model developed for heart disease
[21]. Both the MS and heart disease exercise promotion models
involve health care providers, barriers within clinical practice,
acknowledge insurance limitations, and provide toolkits and mate-
rials for engaging and measuring exercise. The similarity across
these chronic conditions supports the necessity for conceptual
models, resources, and materials that promote and support exer-
cise behavior, and that such models may be transferred and
applied among other chronic health conditions with some small
amendments that contextualize each specific condition. Thus, the
models and materials we have developed may have significant
implications not only within the literature and practice within MS,
but beyond into other health conditions that can be managed
through exercise interventions. Indeed, we advocate that the
“Exercise in Medicine" process may be transferable to other
chronic health conditions. Transferability in this sense, as defined
by Tracy [22] and Smith [23], is that groups or persons in one set-
ting might choose to adopt a practice from a difference settings.
For example, health care providers in other conditions such as
stroke, heart disease, Parkinson’s etc., might perceive overlap
within the context of their practice and adopt the “Exercise in
Medicine” process as something that may be beneficial for pro-
moting and supporting exercise with their patients. As such, we
advocate that the “Exercise in Medicine” models and materials
need not be attributed only to cases of MS, but may be adopted
and refined for practice within comprehensive care of any chronic
illness or condition.
Related to transferability, and adding further support for
“Exercise in Medicine” as a transferable and applicable process,
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the development of these models and materials also lends itself
to analytical generalizability – a further qualitatively specific con-
cept of rigor. Analytic generalizability can refer to a new concept
or new theory that makes sense and has significance in other
research, even though contexts or populations may be different
[23]. Thus, we posit that the “Exercise in Medicine” process is ana-
lytically generalizable as this model may be applied in the context
of other chronical health conditions, but it is also similar to other
models exploring exercise behaviour from rehabilitation to com-
munity exercise. For example, though each were developed separ-
ately through their own line of stringent research, there are
apparent commonalities between the “Exercise in Medicine” pro-
cess, the Transformative Exercise Framework [8], and a physical
activity promotion framework developed by the American Heart
Association [21]. Development of 3 similar frameworks in different
contexts and different methodologies adds strength to the argu-
ment that the “Exercise in Medicine” process achieves analytic
generalizability and can make a meaningful contribution to long-
term management and wellness of persons with MS.
As we have chosen to adopt the “Exercise in Medicine” models
and materials, we are now ready to test the feasibility and efficacy
of this process in real world practice. We will create a final manual
that outlines the “Exercise in Medicine” process and emphasize
the importance of contextualizing the process within the structure
and team that is in each unique comprehensive care center. Once
this is complete, we will prepare for a clinical trial of this systems-
based process from feasibility through efficacy and effectiveness
in a comprehensive MS care center. This clinical trial will allow us
to further vet and test the materials and the entire “Exercise in
Medicine” process in preparation for larger scale implementation
for improving exercise promotion in comprehensive MS care.
Limitations
This study is not without limitations. Participants were representa-
tive of less than 10% of over 150 comprehensive MS care centers.
Further, the “Exercise in Medicine” models and materials were
developed with a core care team of neurologists, nurses, PTs, and
OTs in mind. Other disciplines such as physical medicine and
rehabilitation, speech therapists, social workers, physician assis-
tants, physiatrists, exercise practitioners and other multi-disciplin-
ary roles were not acknowledged. Also, although we chose to
adopt these models and materials for the next step of clinical tri-
als, we are not yet ready to expand a scalable implementation
process within comprehensive MS care. Related to our method-
ology, there are also limitations to note. First, the descriptive
quantitative measures were developed for this study to tell the
research story a different way, as such they do not have the
strongest psychometric properties. Further, although we con-
ducted a content analysis rigorously, qualitative analysis is only as
strong as the data that is captured. While we hoped for in-depth,
rich qualitative data, this was at times not the case. While PDSA
methodology calls for a small number of expert participants to
feedback on quality improvement measures, we do also note that
changes made on few comments is a limitation. To address this,
our future research plan involves broad and larger numbers of
samples that will assist translation into action.
Conclusions
This paper presents the 3rd ramp of a PDSA cycle for evaluating
and improving materials for exercise promotion in comprehensive
MS care. This last iteration has resulted in finalized materials that
can support health care providers when promoting exercise
among patients with MS. Though we have not changed the mod-
els and materials, we will ensure the importance of applying the
“Exercise in Medicine” process within the unique context of the
structure and team of comprehensive care centers in order to
“best fit” into practice. We conclude that we have created a
robust and approved guide outlining how to effectively promote
exercise integrated within comprehensive MS care, thereby trans-
lating from the conceptual model to applicable tools and are
ready for clinical trials to further assess the “Exercise in
Medicine” system.
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